Exercise is a corner stone to overcome the reduced exercise capacity of dialysis patients in the course of rehabilitation. We designed an exercise program using stationary cycling during hemodialysis (HD) treatment. Patients cycled while sitting on their HD chair during the second or third hour of every HD treatment for 30 to 45 minutes in a semisupervised manner. In this pilot study, nine patients joined the program and eight patients completed a 3-months' exercise. All were on twice-a-week HD except one was on thrice-a-week treatment. There was a significant improvement of 15.3% in the walking distance of the 6-minute walk (from 307 ±44 m to 352 ±54 m, p = 0.001). A trend toward an improvement (16.9%) in peak metabolic equivalent (MET) and duration on treadmill exercise (12.3%). There was no significant change in blood pressure and lipid profile but there was a downward trend of high-density lipoprotein cholesterol (HDL-C) (p = 0.066). There were no significant symptoms or complications during exercise except one patient who did not complete the 3-month course because of knee pain due to osteoarthritis of knees. We concluded that exercise can be conducted during HD to increase exercise capacity for rehabilitation purpose. Long-term maintenance exercise may be needed to effect any modification of cardiovascular risk factors.
INTRODUCTION
Rehabilitation of dialysis patients, in terms of physical, social and vocational, is an important but difficult task. An obstacle to rehabilitation is reduced exercise capacity, as measured by the maximal aerobic capacity (VO 2 max) Encouragement, Education, Exercise, Employment and Evaluation (3) . It advised that exercise should be incorporated into the standard plan of care.
The beneficial effects of aerobic exercise on physical capacity of HD patients had been documented with patient's VO 2 max increased by 23% to 42% after training (4) (5) (6) (7) . We have also shown that VO 2 max can be improved by 16% in continuous ambulatory peritoneal dialysis (CAPD) patients after a 3-month exercise program (8) . Exercise was usually conducted in form of bicycle ergometry, upper limb ergometry, walk-jogging on treadmill three times a week. For HD patients, it is usually conducted between HD treatments. However this sort of program is very inconvenient to patient as it requires frequent visits for both HD treatment and exercise training. Painter et al had experimented an exercise program using stationary exercycle during the second or third hour of HD treatment, three times a week and showed a 17% and 23% increase in VO 2 max in the first 3 months and by the end of 6 months, respectively (4).
In Hong Kong, most HD patients are receiving HD treatments twice a week and therefore exercise training during HD would only be conducted twice a week. We adopted the method of Painter et al in our HD patients who are mostly dialyzed two times a week. The purpose of this pilot study is to study the effectiveness and to identify the difficulties of conducting such program.
METHODS

Patients
Stable patients in the maintenance HD program at Tung Wah Hospital were invited to participate in the exercise training. They had been stable on HD for more than 6 months and were not suffering from active cardiac diseases or major musculoskeletal problems limiting lower limb exercise. Written informed consent was obtained from all patients before the study.
Assessment
All patients underwent a thorough clinical examination. An exercise electrocardiogram (ECG) on a treadmill machine using modified Bruce protocol was conducted at baseline. The test was stopped when patient developed symptoms or could not continue due to fatigue. Patients with abnormal exercise ECG were eliminated from the exercise program. The following data were obtained during the exercise-stress test: 1. The duration of exercise; 2. the peak heart rate; and 3. the peak metabolic equivalent (MET). The maximal aerobic capacity (VO 2 max) was not measured because in our past experience, many patients felt uncomfortable with wearing the O 2 analysis mask during exercise and MET is defined as a direct reflection of VO 2 with one MET equivalent to 3.5 mL/kg/minute of O 2 consumed (9). A 6-minute walk test was conducted under supervision of a physiotherapist. The distance that the patients walked to-and-fro within a 10-meter linear distance within 6 minutes was recorded. The exercise-stress test and 6-minute walk test were repeated at 3-month.
Other Investigations
The average pre-and postdialysis body weight, blood pressure over a week before and 3 months after the exercise program was recorded. Hemoglobin levels, total cholesterol, HDLC, low-density lipoprotein cholesterol (LDL-C) and triglyceride levels were measured at baseline and at 3 months after exercise.
The Exercise
We purchased three stationary exercise bike (exercycle) with back support type and modified them by removing the seat portion. Cycling was conducted with patients sitting on the HD chair (Lazboy Inc., Michigan, USA) as shown in figure 1 . Forward pushing of the exercycle was frequently encountered and was overcome by anchoring the exercycle to the HD chair with a removable band ( Fig. 2 ). Cycling was conducted at the second or third hour on HD two or three times a week according to the frequency of HD treatment. The cycling was initially closely supervised by a physiotherapist until patients were well acquainted with the exercise. The resistance of the cycling was self-adjusted to achieve the 10 to 13 scores of the Borg's scale (i.e. mildly difficult as felt subjectively by patients). The cycling lasted initially 15 minutes and was gradually increased to 30 to 45 minutes according to the endurance of the patients. The assimilated cycling distance as generated by the machine 
Statistics
Values were expressed as mean ± standard deviation. Data analysis was performed using SPSS for Windows version 6.0. Paired t-test was used to compare data before and after exercise.
RESULTS
Twelve patients voluntarily joined the study. Three were eliminated for active coronary artery disease, back pain and gross fluid overload. All were using arteriovenous fistula on forearm for HD except one who used PermCath ® . Nine patients commenced on the program. There were two patients with mild osteoarthritis of knees and one patient developed exacerbation of symptoms after exercise commenced and exercise was stopped. Only eight patients completed the 3 months' course of exercise. All were on HD twice weekly except one on HD thrice weekly. As for underlying diseases, two have polycystic kidney disease, two have presumed chronic glomerulopathy, one has systemic lupus erythematosus, and three have unknown ones. The mean age was 48.3 ±13.2 years and they were on HD for 48.3 ±34.5 months, and on dialysis for 108.6 ±54.2 months. The baseline and 3-month results were shown in table 1 and figure 2.
There was a 15.3% increase in the walking distance from the 6-minute walk test (p = 0.001) ( Fig. 3 ). There was also an improvement in peak MET (16.9%) and duration on treadmill (12.3%) though the differences were not statistically significant. However, there was no significant correlation between the total assimilated There was no statistical differences in the body weight, blood pressure, hemoglobin level and lipid profile. However, a trend toward an increase of HDLC (baseline 1.05 mmol/L, 3 months 1.13 mmol/L, 95% confidence interval for difference -0.007 to +0.177, p = 0.066) was observed.
Most patients were symptom-free during the exercise. One experienced several episodes of mild chest discomfort during cycling, but this symptom also occurred during HD without cycling. Cardiologist was consulted and there was no evidence of coronary artery disease. There was no change in ST segments in baseline and the 3-month exercise ECG. A patient with mild osteoarthritis did not experience knee pain during cycling. Exercise had to be moved to the fourth hour of HD in one patient as he used to sleep for 2 to 3 hours on HD treatment.
One patient elected not to continue the exercise after 3 months as he thought he could achieve the same effect by exercising on his own. All other patients elected to continue the exercise program beyond 3 months.
DISCUSSIONS
This pilot study confirmed the usefulness of exercise training during HD with a definite improvement of walking distance on the 6-minute walk test and a trend toward improvement in MET and duration on treadmill. Control group was not employed in this pilot study because of the small number of patients. Without a control group, one may argue that the improvement might be related to adaptation with the exercise tests. We think this is unlikely as the assessment tests were separated 3 months apart and the form of exercise training is completely different from the assessment. A control group will help to better delineate the benefit when a full scale study is to be conducted.
We did not measure VO 2 max directly because most patients dislike the mask employed during the test in our past experience. MET from treadmill exercise is a direct reflection of the VO 2 max, and more importantly, the 6minute walk test represents a functional exercise capacity assessment related to daily activities. The 6-minute walk test was also demonstrated to be highly correlated with VO 2 max as well as highly predictive of mortality and morbidity in heart failure and cardiopulmonary illness (10) (11) (12) (13) (14) . The baseline 6-minute walk test mean walking distance was only 307 m. It was substantially lower than the mean value of 635 m (range 515 m -742 m) of normal individuals of the age group 40 to 59 as measured by the Physiotherapy Department, Kowloon Hospital, Hong Kong (unpublished data) and the median distance of 576 m for men and 494 m for women in a group of healthy adults aged 40 to 80 (15) . After 3 months of exercise during HD, there was a mean of 15.3% improvement in the walking distance (p = 0.001). The degree of i m p r o v e m e n t o f p e a k M E T a t 3 m o n t h s (16.9%) was similar to the 17% improvement in 13 patients (p < 0.05) as reported by Painter et al. We did not achieve any statistical difference because we involved a smaller number of patients in our pilot study. Interestingly, although most patients were receiving twice weekly exercise, we still achieved a similar degree of improvement over that obtained with thrice weekly exercise which is considered to be the optimal regime in most exercise training program for normal individuals (16, 17) . However, we did not observe similar significant changes in other clinical parameters including lipid profile and blood pressure reduction as reported by Painter et al (4) . Yet the trend toward a reduction in HDLC levels in our pilot study is quite encouraging. As the improvement of cardiovascular features in HD patients may occur over a period of 6 to 9 months after exercise on off-HD days, it is possible that similar cardiovascular risk factors improvement may be achieved with longer duration on exercise during HD (5, 18) . The lack of correlation between the total assimilated cycling distance and the degree of improvement in exercise parameters might be due to the small sample size and/or variation in the cycling intensity which was self-adjusted by patients.
The cost for each exercycle was HKD4350. Three week if all are on twice weekly HD. The design of the program is to minimize supervision from physiotherapists or nurses except in the initial phase.
Once patients are acquainted with the exercise, they should be able to conduct the exercise in a semisupervised manner in the sense that they can report any symptoms during exercise to HD nurses immediately and can immediately slow down or stop the cycling. No extra manpower from staff is required in the maintenance phase. These features make this exercise program costeffective and safe. In this pilot study, no patients developed significant symptoms during the exercise including muscle cramps, hypotension nor hypertension. The only exception might have been one who had nonspecific chest discomfort during exercise without ECG abnormalities.
CONCLUSION
In conclusion, we demonstrated that exercise during HD is beneficial to patients in terms of improvement in walking distance in 6 minutes and peak MET (and hence VO 2 max) even with twice weekly frequency. We also identified some patient problems that may interfere the exercise including osteoarthritis of knees and habit of sleeping during HD. Long-term maintenance exercise may show more definite results in cardiovascular risk factors modification and a possible subsequent improvement in cardiovascular morbidity. However, we may need to look into ways to maintain patients' incentive in committing to long-term regular exercise.
